Background: Blood eosinophil counts and history of exacerbations have been proposed as predictors of patients with chronic obstructive pulmonary disease (COPD) who may benefit from triple therapy (inhaled corticosteroid, long-acting β 2 -agonist and long-acting muscarinic antagonist). Methods: In a retrospective cohort analysis we examined the profiles of COPD patients from the UK Clinical Practice Research Datalink (CPRD) and US Optum Clinformatics™ Data Mart (Optum) databases with reference to exacerbation frequency and blood eosinophil distribution.
Background
Blood eosinophil counts and history of exacerbations have been proposed as predictors of patients with chronic obstructive pulmonary disease (COPD) who may benefit from triple therapy (inhaled corticosteroids [ICS] plus long-acting β 2 -agonist [LABA] plus long-acting muscarinic antagonist [LAMA] ). Recently, studies have showed that triple therapy provides better exacerbation prevention in frequently exacerbating patients (≥2 moderate/severe exacerbations or one hospitalisation) and in those with higher blood eosinophil count (e.g. ≥300 cells/μL) vs dual bronchodilation with LABA plus LAMA [1, 2] . In these studies patients with previous asthma were allowed [1] or the proportion of patients with frequent exacerbations and high eosinophil count constituted about 5 to 10% of the total study population [1, 2] . Retrospective studies in clinical practice have shown that a substantial proportion of patients receive triple therapy [3] [4] [5] , suggesting a large number of patients with COPD receive ICS irrespective of their exacerbation status.
A post hoc analysis of the WISDOM study demonstrated that stopping ICS in patients on triple therapy may increase the rate of exacerbations in patients with high eosinophil count (≥300 cells/μL) and frequent exacerbations (≥2 exacerbations/year) [6] . Additionally, the SUNSET study demonstrated that nonfrequent exacerbators with low eosinophil count (≤300 cells/μL) on long-term triple therapy (tiotropium plus salmeterol/fluticasone) can be switched to indacaterol/glycopyrronium without increasing the exacerbation risk [7] .
Accumulating evidence suggests that identifying the right COPD patients for long-term triple therapy would enable more personalised care. Based on the GOLD strategy document and recent studies, the patients who would benefit the most from ICS use in terms of exacerbation prevention would be those with elevated blood eosinophil levels, as well as those and with frequent exacerbations. In this analysis, we estimated the proportion of patients with frequent exacerbations and higher blood eosinophil count, and stability of these characteristics over 2 years in United Kingdom (UK) and United States (US) populations in order to identify patients who are most likely to benefit from ICS.
Methods
We conducted a retrospective cohort analysis using two databases: Clinical Practice Research Datalink (CPRD) with linked Hospital Episode Statistics (HES) databases of primary and secondary care records from the UK [8] , and the Optum Clinformatics™ Data Mart (Optum), a database of de-identified administrative claims from a commercially insured population in the US [9] .
Databases CPRD, formerly known as the General Practice Research Datalink (GPRD), is a database of linked, anonymised, primary medical care records from patients treated at nearly 700 primary care practices in the UK since 1987. This population is considered representative of the UK primary care population in terms of age and sex, compared with the UK census of 2011 [10] . CPRD contains data from approximately 8% of the total UK population and it reflects the complete Electronic Medical Records (EMR) for all of the National Health Service (NHS) primary health care. Patient records at approximately 60% of the practices in CPRD are linked to HES, which provides data on all inpatient and outpatient contacts occurring within National Health Service hospitals in the UK [8] .
OPTUM is a database of administrative health claims for members of United Healthcare, a large American for-profit managed care company. This database includes data of approximately 12 to 14 million annual covered lives. The OPTUM was statistically de-identified under the Expert Determination method, meeting the requirements of the Health Insurance Portability and Accountability Act (HIPAA). The claims data comprised both commercial and Medicare Advantage health plan data of the population that is geographically diverse spanning over all 50 states in the US [9] .
Study population
The study population comprised two COPD cohorts according to the index year each with 01 January as the index date: the 2014 cohort and the 2015 cohort. The baseline period was 2013 and 2014 for the 2014 and 2015 cohorts, respectively (Additional file 1: Figure S1 ).
Patients (men or women, aged ≥40 years at index) must have at least two outpatient diagnoses of COPD (at least 7 days apart) or one inpatient primary diagnosis of COPD in the baseline year, and at least 1 year of data pre-and post-index. Additionally, patients from CPRD were required to have HES linkage scheme allowing linkage to their secondary care records. Patients with a diagnosis of asthma in either the baseline or index year were excluded.
Besides, a subgroup of the 2014 cohort with patients having 2-year follow-up data was evaluated to assess the association of the outcomes during first follow-up and second follow-up. Data of the 2014 and 2015 cohorts were analysed separately and are reported.
Study measures
The baseline demographics and clinical characteristics recorded and available for analysis at the index date or in the baseline period were collected. The characteristics included age and sex, socioeconomic status (CPRD only), smoking history (CPRD only), lung function (CPRD only) and the modified Medical Research Council (mMRC) scale (CPRD only). Additionally, patients from CPRD database were classified into four groups, i.e. GOLD A, B, C and D, based on a combination of severity, symptoms and previous exacerbations according to the GOLD 2017 document [11] . Commonly reported comorbidities in patients with COPD (hypertension, diabetes, acute myocardial infarction, heart failure, stroke, asthma, atrial fibrillation, depression, anxiety, osteoporosis, pneumonia, hyperlipidaemia and cancer in the pre-index date period) and the Charlson comorbidity index (CCI) were reported. Prescribed COPD medications in the baseline period were identified. The following treatments recommended as monotherapy or combination therapy by the GOLD 2017 guidelines were investigated: short-acting β 2 -agonist (SABA), short-acting muscarinic antagonist (SAMA), LABA, LAMA and ICS. Exacerbations in the baseline year were identified using a prespecified algorithm (Additional file 1: Table S1 ). Exacerbations in COPD patients were defined using a modified version of the algorithm developed by Mapel et al. [12] and Macaulay et al. [13] for the Optum database analysis and modified based on drug codes and diagnosis codes for the CPRD database analysis. Two exacerbation events occurring within 14 days were considered the same exacerbation.
Eosinophil count was identified within 6 months pre-or post-index date. The measure closest to the index was used when multiple eosinophil measures were found. The variable evaluated in the post-index period was number of exacerbations in the index year.
Statistical analyses
Categorical variables were presented as count and percentage of patients in each category. Continuous variables were summarised by providing mean and standard deviation, median, quartiles Q1 and Q3 and the minimum and maximum values. For subgroup analysis, the number of exacerbations in the second year was cross-tabulated with the number of exacerbations during the first follow-up. In addition, for patients with ≥2 exacerbations during the first follow-up with eosinophil count ≥300 cells/μL or ≥ 400 cells/μL, the number of exacerbations (< 2 or ≥ 2) and/or eosinophil count (< 300 cells/μL or ≥ 300 cells/μL) at the second follow-up are presented. For variables such as FEV1% predicted, blood eosinophil count, etc., patients without missing data were reported.
Results

Cohort size
The results from the 2014 cohort are presented here. A total of 15,364 patients from CPRD and 139,465 from Optum met inclusion and exclusion criteria. Two-year follow-up data were available for 7979 (52%, CPRD) and 105,657 (76%, Optum) patients (Fig. 1 ).
Patient characteristics
Baseline demographics and clinical characteristics of patients from both the databases were comparable and are summarised in Table 1 . In both CPRD and Optum databases, the majority of patients (> 75%) were aged ≥65 years, with 36.2 and 7.5% patients, respectively, on ICS + LABA + LAMA treatment. The most common comorbidity was hypertension, followed by hyperlipidaemia in both the databases. The patients without the follow-up year data were mainly due to lost to follow-up or were those who changed healthcare plan coverage. The demographic characteristics of patients with follow-up data were similar to those of the overall population (see Additional file 1: Table S2 ).
COPD exacerbations
Exacerbations for patients in both the databases are detailed in (Fig. 2) . Figure 3 illustrates the frequency of exacerbations in the second year as a function of exacerbations in the first follow-up, among patients with 2-year follow-up data. In both the databases, patients who had no As per GOLD 2017 recommendations [10] exacerbations in the first year were less likely to experience two or more exacerbations at the second follow-up (12 to 20%). Patients who had experienced at least two exacerbations at the first follow-up were most likely to have exacerbations at the second follow-up (at least one exacerbation at the second follow-up for > 80% of patients); whereas this proportion varied for patients who had experienced one exacerbation at the first follow-up. Figure 4 presents the proportion of patients with prior eosinophil count (for patients with 2-year follow-up data) according to eosinophil count in the second-year follow-up. In the CPRD database, blood eosinophil counts were available for 9345 (60.8%) patients in 2014. Of these, 31.2% of patients had eosinophil count ≥300 cells/μL, while 16.5% had ≥400 cells/μL. In the Optum database, blood eosinophil counts were available for 34,391 (24.7%) patients in 2014. Of these, 26.6% of patients had eosinophil count ≥300 cells/μL, while 12.9% had ≥400 cells/μL.
Eosinophil count
A total of 3472 and 17,040 patients in the CPRD and Optum databases, respectively, had 2-year follow-up data and eosinophils counts recorded in both the followup years (Fig. 5) . The majority of patients (76.5%) with eosinophil count ≥400 cells/μL during the first follow-up continued to have elevated eosinophil count (≥300 cells/ μL) at the second follow-up. In both databases, the great majority of patients who had eosinophil count < 300 cells/ μL at the first follow-up continued to have low eosinophil count at the second follow-up (> 80% patients). For patients who had eosinophil count 300-399 cells/μL at the first follow-up the likelihood of having > = 300 cells/μL at the second follow up was approximately 50% (Fig. 5 and Additional file 1: Table S3 ).
Exacerbations and blood eosinophil counts
The distribution of patients based on high exacerbations and eosinophil count indicated that although many COPD patients had either ≥2 exacerbations or eosinophil count of ≥300 or ≥ 400 cells/μL, only a small proportion of patients had both (approximately 10% had ≥2 exacerbations and eosinophil count of ≥300 cells/μL; approximately 5% had ≥2 exacerbations and eosinophil count of ≥400 cells/μL) ( Table 2 and Additional file 1: Table S8 ).
The results from 2015 cohort were consistent with that of 2014 cohort and are presented in Additional file 1: Tables S4, S5, S6, S7, S8) .
Further, to examine the relationship between the eosinophil count and exacerbations, we cross tabulated the frequency of eosinophil counts in 1st year and exacerbations in second year for the 2014 cohort. In both the databases, the finding suggests that there is no trend for association of eosinophil counts and exacerbations (Additional file 1: Table S9 ). However, since our study was not designed to assess the association of eosinophil count and exacerbation further studies are warranted to explore the correlation.
Discussion
In this retrospective analysis from two large databases from the UK and the US, we evaluated the prevalence and variability of exacerbation frequency and blood eosinophil count that may inform treatment decisions in patients with COPD. Earlier, real-world studies have reported that in patients with COPD exacerbation frequency in a single year does predict long-term exacerbation rates in a graduated fashion and blood eosinophil concentrations can guide the selection of inhaler [14, 15] . To our knowledge, this is the first study to analyse characteristics and distribution of COPD patients with respect to exacerbation rates and blood eosinophil counts.
Overall, patient characteristics were consistent in both the databases. In both databases, approximately 80% of the patents with ≥2 exacerbations in the index year persistently exacerbated during the second follow-up. In addition, patients with either low (< 300 cells/μL) or high blood eosinophil count (≥400 cells/μL) in the index year continued to maintain the similar level of blood eosinophil count at the second follow-up. Approximately 10% of patients who were frequent exacerbators (≥2 exacerbations) and had high eosinophil count (≥400 cells/μL) in the index year, persistently have higher rates of exacerbations and high eosinophil count at the second follow-up. A higher variability in the frequency of exacerbations and eosinophil count in the second year was observed among patients who had either one exacerbation or whose eosinophil count ranged between 300 and 400 cells/μL. A previous study in COPD population without excluding patients with concurrent asthma from the UK had reported 20% of patients with eosinophil counts, of which approximately 65% had eosinophil count ≥150 cells/μL [3] . In another study, 20% of patients had eosinophil count ≥300 cells/μL and 11% had ≥400 cells/μL [6] . Our study population had higher distribution of blood eosinophil count than that of previous studies.
Earlier studies have shown that a history of exacerbations is predictive of the future risk of exacerbations, [3-6, 16, 17] which was observed in our study as well. We found that frequent exacerbators (≥2 exacerbations) continued to be exacerbators (≥1 exacerbations) in the subsequent follow-up. Among patients with a history of one exacerbation, we observed variability in exacerbation rate in follow-up. These findings suggest a history of ≥2 exacerbation is a more reliable predictor of future exacerbations.
Despite the fact that studies have reported that eosinophilic airway inflammation in patients with COPD could be associated with exacerbations and responsivity to ICS therapy, consensus on specific and consistent cut-off to define the increased exacerbation risk is lacking. Multiple studies have reported that measure of blood eosinophil at a single time point may not be sufficient and might require additional follow-up examinations [18] [19] [20] . For instance, the ECLIPSE study reported that 51% of patients had a persistent eosinophil count of < 2% or ≥ 2% over a period of 3 years [20, 21] . Another study which measured eosinophil count at every 3 months over a period of 1 year, reported 65% of COPD patients with persistent blood eosinophil count of approximately 400 cells/μL [22, 23] . Additionally, another challenge is inconsistency in longterm stability of blood eosinophil counts. In a recent casecontrol study that reported trajectory of long-term stability of blood eosinophils using a cut-off of 340 cells/μL, the proportion of COPD patients with stable eosinophil counts ranged from 75% (at 1 year) to 35% (at 8 years) [18] . In our study, we observed persistency in high (400 cells/μL) or low (300 cells/μL) eosinophil counts within 2 years of follow-up; whereas patients who had eosinophil counts between 300 and 400 cells/μL showed a higher variability. This finding indicates a considerable proportion of patients will continue to have variable blood eosinophil counts over time. Although debatable, some studies (COPDGene and ECLIPSE) [21, 24, 25] showed that patients with moderate-to-severe COPD and blood eosinophil counts ≥300 cells/μL are at an increased risk of future exacerbations. The Copenhagen general population study reported a 1.76-fold increased risk of severe exacerbations for COPD patients with blood eosinophil counts of > 340 cells/μL [26] . These findings suggest that patients with infrequent exacerbations and eosinophil counts above 300 cells/μL demonstrate fluctuations in manifestation of exacerbations and may require frequent eosinophil count monitoring to guide appropriate course correction in their medical management.
Recently the results of the IMPACT [1] and TRIBUTE [2] studies showed that triple therapy was more effective than dual bronchodilation in preventing exacerbations in patients who had frequent exacerbations (≥2) and higher (≥300 cells/μL) eosinophil counts. However, triple therapy could not reach significant difference compared with dual bronchodilator therapy in patients with low eosinophil and lower number of exacerbations, implying that patients with low eosinophil count may not require ICScontaining therapy. The results of the SUNSET study revealed that patients with COPD on long-term triple therapy without frequent exacerbations can be de-escalated to dual bronchodilator therapy without worsening exacerbations if they have had baseline eosinophil count < 300 cells/μl [7] . A post hoc analysis of the WISDOM trial reported that patients with both high eosinophil counts (≥300 cells/μL) and history of ≥2 exacerbations in the previous year had an increased rate of exacerbations after ICS withdrawal [6] . The recently updated GOLD strategy document recommends escalation or de-escalation of ICS therapy based on the exacerbation history, blood eosinophil count, history of pneumonias, appropriateness of initial ICS prescription and lack of response to ICS [27] . In our study also, we found that only 10% of patients had high eosinophil count and frequent exacerbations. Collectively, the evidence indicates that a minority of the patient population with a high exacerbation risk and higher eosinophil count may be the right population for ICS therapy. However, studies have reported the proportion of COPD patients receiving triple therapy in the range of 30 to 50%, indicating that triple therapy is currently overprescribed [3] [4] [5] . Our results are based on a real-life study population and support clinicians to understand the prevalence and stability of the frequent exacerbator phenotype, as well as the presence of high blood eosinophil and their combination, complementing the data from the major clinical trials.
Our study has both strengths and limitations. The major strength is that this is the first study to compare two large databases in US and UK primary care, and since patients with concurrent asthma were excluded, our study population represent the true COPD population. Moreover, to our knowledge, for the first time, a study has evaluated this population for two consecutive years. As with all database analyses, results of this study should also be interpreted with caution. We excluded patients who had an asthma-related clinical visit, emergency room visit or hospitalization in the last 2 years, but may have included patients who had a history of asthma but no asthma-related visits in the last 2 years. These patients were either in the asthma remission stage or have intermittent, mild asthma. The inclusion of these patients do not impact our analyses and conclusion. Another potential limitation is the fact that we have reviewed the baseline medications and we cannot account for potential changes or switches in treatment regimens during follow-up. Although the ICS treatment might affect eosinophil counts [28] , the effect of ICS on blood eosinophils is minimal [29] , so the eosinophil data are rather solid. Of course, changes in treatment regimens may have changed the exacerbation status of patients, but likely this was not different between patient groups. Moreover, patients from two commercial databases having specific data of interest (i.e. eosinophil counts) were included in this analysis; hence, patients with such specific data might not represent the general COPD population. Nevertheless, we believe that these results are a precursor for the further focused studies.
Conclusions
Distribution of exacerbation frequency and blood eosinophil counts were very similar in both COPD populations (UK and US) examined. COPD patients with a history of ≥2 exacerbations per year were more likely to experience exacerbations in the following year. Eosinophil count ≥400 cells/μL in the previous year was a predictor of high eosinophil count (≥300 cells/μL) in the following year. Although many COPD patients had either ≥2 exacerbations or blood eosinophil counts ≥300 or ≥ 400 cells/μL, only a small percentage of patients had both. Considering the adverse events associated with ICS, a smaller target population for triple therapy and variability in blood eosinophil counts in patients with COPD, prospective studies with multiple assessment points are warranted to establish the role of triple therapy and implication of blood eosinophil counts in clinical practice. Our results support our understanding of the populations with treatable characteristics within the COPD patients and may serve as the basis for the development of treatment strategies.
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